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Isolated beef liver á-aminolevulinate dehydratase was found to contain 
variable leveis of different metal ions. The addition of zinc ion restored 
activity to an apoenzyme prepared with the ai d of chelating agents. It seems 
likely that zinc is the specific metal ion required by this enzyme. 

Mammalian ô-aminolevulinate dehydratase (ALA-dehydratase) is severely 
inhibited by chelating agents of diverse structures (1,2) and the presence of 
various metal ions in the purified enzyme has been reported (2). We found 
that the enzyme from beef liver contained variable amounts of Zn, and traces 
of Cu and Fe, but never enough of any one of these to afford stoichiometry 
with the multiple subunits possessed by this relatively high molecular weight 
protein. It appears that the usual procedures for isolation yields a largely 
metal-free protein which, upon high dilution in the assay solution, acquires 
sufficient metal ion for apparent full activity. By assaying either the 
isolated enzyme or the apoenzyme under drastically suboptimal conditions, 
which required the use of much higher leveis of protein, adventitious metal 
contamination was avoided (3) and activity could be titrated to a maximum 
value by addition of increments of zinc. 

ALA-dehydratase was assayed by the method of Gibson et al_. (4), using 
20 irtM mercaptoethanol as activator. The unit was defined as one millimicro- 
mole porphobilinogen per hour. Protein was determined on trichloroacetic 
acid (TCA) precipitates by the method of Lowry et al_. (5). The enzyme was 
purified from frozen beef liver through the DEAE-Cellulose stage of Wilson 
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et al_. (1), followed by affinity chromatography on a column of acylated amino- 
levulinic acid attached to Sepharose 4B through a hydrocarbon arm consisting 

of p-aminobenzoyl-6-aminohexanoic acid (6). Potassium levulinate, a compet- 
itive inhibitor, was used at 10 mM concentration to elute the enzyme. Metal 
analyses were performed with a Perkin Elmer Model 303 atomic absorption spect- 
rophotometer . SDS gels were run by the method of Weber and Osborne (7). Pre- 
cautions were taken to avoid contamination by adventitious metais (8,9). 
Apoenzyme was formed by dialysis against 0.01M EDTA, pH 7 for several hours at 
4 o . It was then passed through an 0.9 x 15 column of Bio-Gel P6 equilibrated 
with 0.05M tris-HCl, pH 7.2 (3). Assays to monitor titration of apoenzyme 
by zinc contained: 5 yl of 1M Na-phosphate, pH 6.8, enzyme, H 2 0, and metais 

up to a volume of 85 pl . After 20 minutes at 37°, 5 yl of 0.4M mercapto- 
ethanol were added. After 30 minutes at 37°, the tubes were placed on ice 
and 10 yl of 0.01M neutral ized substrate were added. The reaction was stopped 
after 5-20 minutes by addition of 100 yl of 0.1M HgCl 2 -l 0% TCA. Following 
centrifugation 150 yl aliquots were added to 150 yl modified Ehrl i ch ' s reagent 
(10) and the O.D.555 read after 10 minutes. 

The yield of ô-ALA dehydratase, after 700-1000 foi d purification, from 
200g of li ver was about 12% of material with specific activity of 13,000- 

15.000 units/mg. The enzyme was homogeneous by polyacrylamide gel electro- 
phoresis and by ultracentrifugation analyses. The preparations were similar 
in purity to those obtained by using the method of Wilson et^ aj_. (1) carried 
through its entirety; the affinity column has the advantage of allowing final 
purification from the DEAE column in a few hours rather than several days. 

The method of Gurba et aQ_. (2) which achieved a less than 200 fold purifica- 
tion appears to be inadequate for producing a pure enzyme. 

The zinc content of the purified enzyme ranged from 0.5 to 2.0 atoms/ 

280.000 grams of protein. Copper and iron ranged from 0.1 to 1.0 and 0.1 to 
0.5 atoms, respectively. Manganese, cobalt, cadmium, and nickel were absent. 
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Concentration of column effluents by airmonium sulfate precipitation, rather 
than by ultrafiltration with Diaflo PM 10 membranes, tended to lower the zinc 
and raise the copper and iron content of the enzyme despi te the use of "enzyme 
grade" amrnonium sulfate. The loss of zinc from aldolase crystallized in 
ammonium sulfate has been noted (3). 

As seen in Fig. 1 an apoenzytne which contained less than 10% of the zinc 



Fiqure 1. Titration of 6-aminolevulinate dehydratase with zinc and cobalt. 
Triangles-"native" enzyme 1 x 10' 6 M plus zinc, assayed in Na-phosphate, pH 
6.8; squares-apoenzyme I, 2 x 10 _6 M plus zinc assayed in tris-HCl, pH 7.2; 
closed circles-apoenzyme II, 1.5 x 10‘ 6 M plus zinc, assayed in tris-HCl, pH 
7.2; open circles-apoenzyme II, 1.5 x 10" 6 M plus cobalt, assayed in tris-HCl, 
pH 7.2. 


initially present, showed very little activity in the lower temperature assay. 
Titration with between 5 and 6 gram atoms of zinc/280,000 granis protein led 
to maximum activity; excess zinc is inhibitory. A "native" enzyme containing 
1.2 Zn/mole possessed 25% of the activity ultimately observed after saturation 
with zinc. These data demonstrate an absolute requirement for zinc by ALA- 
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dehydratase. Cobalt and manganese restored less than 20% of the activity 
while nickel, ferrous and ferric iron, cuprous and cupric copper, magnesium, 
calcium, and chromium III were inactive. Cadmium was the only metal ion, 
besides zinc, which restored fui 1 activity. 

The subunit molecular weight was found to be 36,000, a figure which is 
in agreement with the data of Wilson et af (1) but which is significantly 
lower than that reported by Gurba et eLL (2). The molecular weight of the 
enzyme has been reported by different groups using various procedures as 
between 250,000 and 280,000 dal tons (1,2). It thus appears that there are 
7 to 8 subunits per mole. The 5 to 6 atoms of zinc required to reactivate 
the enzyme probably constitutes an upper limit because of kinetic and competi- 
tion factors diminishing the effecti veness of the added metal ion. These 
data indicate that perhaps only half of the subunits are involved in zinc 
binding. 

ALA dehydratase is a somewhat atypical metal loenzyme in that it loses 
much of its metal ion in the course of isolation. 
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